Medicinal plants have long been used as an alternative to traditional drugs for the treatment of inflammatory conditions due to the classical side effects and restricted access of various commercially available drugs, such as steroids (GCs) and nonsteroidal anti-inflammatory drugs (NSAIDs). Sambucus australis is a Brazilian herb that is commonly used to treat inflammatory diseases; however, few studies have examined the use of this species in the treatment of inflammatory conditions. The present study aims to evaluate the potential anti-inflammatory activity of S. australis in vitro. We established spleen cell cultures stimulated with pokeweed mitogen (PWM) to evaluate the production of proinflammatory cytokines, such as Il-4, Il-5, IFN-y, and Il-10 (by elISA), and the expression of the transcription factor NF-kB (by RT-PCR). In addition, we evaluated the levels of nitric oxide in macrophage cultures and the membranestabilizing activity of S. australis methanolic extract (eMSA). Treatment with eMSA at concentrations of 100, 50, 25 and 12.5 µg/ml significantly decreased IL-4 (p<0.001) and IL-5 (p<0.001) levels. Treatment with 100 µg/ml EMSA reduced IFN-у (p<0.001) levels. Moreover, at 100 mg/ml, EMSA also increased IL-10 production and reduced NF-kB expression (p<0.01). In macrophage cultures stimulated with LPS, EMSA decreased nitric oxide levels (p<0.001) at all concentrations tested (100, 50, 25 and 12.5 µg/ ml). Additionally, EMSA had a protective effect in the erythrocyte membrane stabilization assay. Taken together, these results suggest that S. australis has anti-inflammatory potential in vitro, characterized by the reduction of both inflammatory cytokines and the expression of NF-kB along with the up-regulation of Il-10.
INTRODUCTION
Although inflammation is a key process in the resolution of many physiopathological alterations, the persistence of inflammation can be harmful . The inflammatory process initially involves many proinflammatory mediators, such as arachidonic acid metabolites, and it also includes cytokines (Il-4, Il-5, TNF, IFN-y, Il-13), which together increase the permeability of the endothelial wall and promote the formation of edema and the recruitment of polymorphonuclear leukocytes (PMN) and macrophages. These changes produce the characteristic signs of inflammation, which include warmth, pain, redness and swelling, and can lead to loss of tissue function (Serhan et al. 2010, Norling and .
Among the many existing inflammatory mediators, nuclear factor kappa B (NF-kB) plays an important role, as it is responsible for the production of cytokines, chemokines, and growth factors regulating the expression of genes involved in the immune and inflammatory responses (FrodeSaleh and Calixto 2000) . Therefore, the detection of NF-kB is essential to determine whether a specific molecule can act as an anti-inflammatory agent (Hanada and Yoshimura 2002) . Anti-inflammatory mediators can attenuate the exacerbation of the immune response, promoting the resolution of inflammation and the restoration of injured tissue (Serhan et al. 2010, Ariel and Serhan 2012) .
Considering that inflammation has an impact on a large number of immune-mediated diseases, such as systemic lupus erythematosus and rheumatoid arthritis, systemic inflammatory response syndrome (sepsis), asthma and rhinitis, and considering the side effects of available drugs [(glucocorticoids (gCs) and nonsteroidal antiinflammatories (NSAIDs)] to treat inflammatory conditions, it is necessary to identify new and more effective drugs with fewer side effects to develop significant immunomodulatory therapeutic protocols with beneficial effects on inflammatory diseases (Kim 2004 , Stahn et al. 2007 , Serhan et al. 2007 ).
The study of natural products has led to the discovery of many clinically useful drugs, and approximately 30% of the medicines produced by developed countries are derived from natural products. Sambucus australis Cham. & Schltdl of the genus Sambucus (Judd et al. 1999) , popularly known as the elderberry, is a medicinal herb commonly used for the treatment of inflammatory disease in "Todos os Santos" Bay, Bahia, Brazil. However, few studies have explored the antiinflammatory potential of this herb to date.
The chemical components of S. australis Cham. & Schltdl includes flavonoids, quercetin glycosides, triterpenes, volatile oils and phenolic acids, which resembles the composition of the species S. nigra. This species is native to europe and is well described in the literature (lamaison 1991 , Bacigalupo 1974 , Alice 1990 .
One of the main component of S. australis is the ursolic acid (UA). UA is a pentacyclic triterpene with antitumor and anti-inflammatory activity due to the inhibition of NF-kB activation; it has antioxidant and antibacterial effects, promotes hypoglycemia and prevents the deposition of fat (Rao et al. 2011 , Alqahtani 2013 , Kim and Moon 2015 , Chun et al. 2014 , Yoon et al. 2014 , Zhao et al. 2012 , Nascimento et al. 2014 , liobikas 2011 . These studies suggest that S. australis Cham. & Schltdl may have immunomodulatory effect due to the presence of UA.
Although different species of the genus Sambucus have been studied and evaluated for their pharmacobiological effects, S. australis Cham. & Schltdl is rarely investigated (Badescu et al. 2012) . Although its flowers and leaves are used as a diuretic, anti-inflammatory agent, and laxative and to treat feverish conditions resulting the quantification of ursolic acid (AU) by high performance liquid chromatography (HPlC) using a Shimadzu Prominence lC-20AT with a SPD-M20A diode array detector, SIl-20AC autosampler, CTO-20A oven and DgU-20A5 degasser. UA is described as a major component in S. australis Cham. & Schltdl, and according to the literature, it has various biological activities; therefore, it was chosen as the standard. A luna C-18 column (150 mm x 4.6 mm x 5 μm Phenomenex) was used for chromatographic separation. The mobile phase contained H 2 O (solvent A) and acetonitrile 0.1% TFA (solvent B) at a ratio of 20:80, respectively. The flow rate was set at 1.0 ml/minute, the detection wavelength was 203 nm and the temperature was set to 35°C. Nylon filters (0.45 μm) were used (Whatman) to filter the samples, and all solvents were of HPlC grade.
Calibration curves were plotted over the concentration range of 0.031 to 1.00 mg/ml of an external standard, and 20 μL of each concentration was administered in triplicate. The limit of detection (lOD) and limit of quantitation (lOQ) were 2.289 μg and 0.755 μg, respectively. For the quantification of UA in EMSA, 20 μL of the methanol extract was injected at a concentration of 12.0 mg/ml. This procedure was performed in the Bioprospecting Phytochemistry laboratory, Department of Molecular Sciences, Universidade Federal Rural de Pernambuco, Brazil.
ANIMAlS
Male BAlB/c mice (25-30 g) were used in this study. These animals were obtained from the Fundação Oswaldo Cruz, Bahia, Brazil, and allowed free access to food and water under controlled environmental conditions. All experimental procedures were approved by the ethics Committee for the Use of the Institute of Animal Health Sciences, Instituto de Ciências da from respiratory diseases, no scientific studies have evaluated the mechanisms of the anti-inflammatory activity of S. australis Cham. & Schltdl to date (Scopel 2007) .
Therefore, the aim of this study is to investigate the potential anti-inflammatory activity of S. australis Cham. & Schltdl in an in vitro murine model of inflammation.
MATERIALS AND METHODS

COlleCTION AND IDeNTIFICATION OF S. australis
Cham. & Schltdl.
To avoid loosing the volatile oils within S. australis Cham. & Schltdl, the aerial parts of the herb were obtained before sunrise and stored in ventilated bags. These parts were then allowed to dry in a ventilated room with no sun and no humidity prior to the preparation of extracts. Representative specimens of the plant parts were analyzed to confirm the identity of the species. The species was confirmed and registered in the Herbarium UNEB, N°. 28311 at the Universidade do estado da Bahia, Campus VIII, Paulo Afonso, Bahia, Brazil. The dried leaves were crushed in a Willye mill (eT-650-Tecinal), and the extract was prepared by successive macerations with methanol using the Soxhlet technique (Fisatom) (The leaves were soaked 3 times for 4 with each reagent). After filtration, the extracts were concentrated in vacuo at 40°C with a rotary evaporator. They were placed in an oven to evaporate all the solvent and kept frozen until use. BAlB/c mice were anesthetized, and their spleens were aseptically removed. After maceration of the organ, a cell count was performed, and the spleen cells (5x10 6 cells/ml) of normal mice were resuspended in RPMI. These cells were cultured at 37°C in 5% CO 2 . Two positive controls using PWM (1 μg/ml or 2.5 μg/ml) and one negative control using RPMI were used. For each of these conditions, we had wells with and without different concentrations of eMSA (100, 50, 25 and 12.5 µg/ ml). After 24, 48 and 72 hours, supernatants were collected to assess inflammatory markers.
eVAlUATION OF THe CYTOTOXICITY OF THe eMSA BY MTT-TeTRAZOlIUM
In 96-well plates, 100 µl of a suspension (5 x 10 6 cells/ml) of spleen cells from normal mice (BAlB/c) supplemented with 5% FCS both with or without 50 µl solution PWM (final concentration 1.0 µg/ml) in the presence or absence of different dilutions of the eMSA (100, 50, 25 and 12.5 µg/ml) was added to each well. The cultures were incubated for 72 hours at 37°C in a 5% CO 2 atmosphere. After this period, MTT-tetrazolium [3-(4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide)] (5 mg/ml) Sigma-Aldrich (St. louis, MO, USA) was added to the culture and incubated for an additional 4 hours. This compound was then removed from the culture medium and added to 100 µl of DMSO (dimethylsulfoxide, Sigma). Cell viability was determined based on the colorimetric method using an absorbance at 560 nm for all concentrations; viability experiments were performed in triplicate (Mosmann 1983).
Il-4, Il-5, Il-10 AND IFN-у PRODUCTION Cytokine levels were quantified from the spleen cell culture supernatants at 24, 48 and 72 hours by standard elISA as recommended by the manufacturer (BD Pharmingen, USA).
MeMBRANe STABIlITY TeST
The stability of the membrane was determined as previously described (govindappa et al. 2011 (govindappa et al. , Shinde et al. 1999 ) with several modifications. The assay was based on the effect of temperature on the membrane; with increasing temperature, the rate of diffusion of molecules (which require activation energy) to the cell increases due to molecular motion, increasing hemolysis. Initially, whole blood was obtained from mice and transferred into heparinized tubes, followed by centrifugation at 1000 g for 10 minutes. The supernatant was discarded, leaving only the portion with erythrocytes. This portion was washed 3x with saline solution (0.9% m/v), alternating with centrifugation. After the last wash, the portion of erythrocytes was also diluted with normal saline, leaving the 10% v/v. The final volume of the mixture was 5 ml, which contained 4.5 ml of the standard (acetylsalicylic acid, 200 μg/ml) or test drug (EMSA 100, 50, 25, 12.5 μg/ml) and 500 μl of erythrocyte suspension. Saline (9%) was used for the control. All tubes were kept in a water bath at 56°C for 30 minutes. After the incubation period, the tubes were cooled in warm water. After the tubes were cooled, they were centrifuged at 800 g for 5 minutes, and the supernatants of the samples were placed in a 96-well plate and read at an absorbance of 560 nm. The procedure was performed in duplicate. For evaluation of NO production, BAlB/c mice were intraperitoneally injected with 20 mg lPS. At 72 hours after the injection, peritoneal lavage was performed to obtain macrophages. The macrophage culture was performed using 5 µg/ ml of lPS in vitro. eMSA was added at 100, 50, 25 and 12.5 μg/ml. After 24 hours, NO production was determined by the griess reaction using the nitrite concentration in culture (green et al. 1982 Spleen cell culture was performed as described in section 2.7 with the EMSA at 100 μg/ml. After 72 hours of culture, RNA was extracted and cDNA was synthesized to evaluate the expression of the transcription factor NF-kB by real-time PCR using the SYBR green QuantStudio platform (Applied Biosystems).
RNA extraction and cDNA synthesis
RNA was isolated from spleen cell culture with the RNeasy Mini Kit (Qiagen, Hamburg, germany) according to the manufacturer's protocol. Subsequently, 0.3 μg of total RNA of each sample was reverse transcribed into cDNA using 200 U of Superscript III Reverse Transcriptase (life Technologies) and 500 ng of Oligo(dT) (life Technologies) according to the manufacturer's instructions. Sterilized and filtered DEPC-treated water was used in all cDNA synthesis reactions.
Reverse transcription quantitative PCR (RTqPCR)
The PCR primers that detected NF-kB and β-actin were designed based on the sequences reported in genBank with Primer express software (Applied Biosystems). The parameters chosen were no or low secondary structures or primer-primer interactions, and high specificity was validated by BlAST in NCBI, as described in Table I . Both primers targeted different exons to eliminate potentially contaminating genome DNA. The cDNA samples derived from the investigated genes were detected using a QuantStudio 12K Sequence Detection System (Applied Biosystems) according to the recommendations of the manufacturer. each RT-PCR used a 10-ng cDNA sample in 10 μl of SYBR-PCR MasterMix 2X (Applied Biosystems), 1 μl of the respective primer mix (NF-kB: Forward 100 nM and Reverse 100 nM; β-actin: Forward 500 nM; Reverse 250 nM), and 20 μl purified and deionized H 2 O. Relative quantification was performed using the comparative threshold cycle (ΔΔCT) method as previously described (Applied Biosystems 1997). Before using the ΔΔCT method for quantification, a validation experiment was performed to verify that the efficiencies of the target and control were approximately equal. The amplification of all samples exhibited the same efficiency for the precise quantification of realtime PCR (RT-PCR) data. Serial fivefold dilutions starting with 100 ng of cDNA from the control group were used. The mean C T values, measured in duplicate, versus the log 10 of the dilution were plotted. The values from the linear regressions applied to these plots were also presented (not shown). The amplification efficiencies (E = 10 (−1/ slope) ) were close to 1.0 (100%).
STATISTICAl ANAlYSIS
Analysis of variance (ANOVA) and Tukey's test (for normally distributed data) were used to determine statistical significance among experimental groups. Values of p≤ 0.05 were considered statistically significant. Each experiment was repeated at least three times.
RESULTS
UA QUANTIFICATION AND CHARACTeRIZATION
OF THe eMSA Figure 1 shows the chromatograms of the eMSA ( Figure 1a ) and a UA solution (Figure 1b) . The estimated percentage of UA in eMSA was 4.47%, indicating that 1 g of methanol extract contains 44.75 mg of UA.
Cell VIABIlITY
None of the eMSA concentrations tested were toxic in spleen cell culture, as shown in Figure 2 .
EMSA REDUCES IL-4, IL-5 AND IFN-У LEVELS in vitro
To analyze the possible mechanisms related to the effects of EMSA, we determined the cytokine profiles of Th2 cells, including IL-4 and IL-5, and Th1 cells, including IFN-у, from the supernatants of spleen cell cultures stimulated with PWM. Stimulation with PWM led to an increase in cytokine production of IL-4 (p<0.001), IL-5 (p<0.001) and IFN-y (p<0.001) compared to the negative control group. When EMSA was added to the cultures upon PWM stimulation at various concentrations, significant reductions in the levels of IL-4 (12.5, 25, 50 and 100 μg/ml, p<0.001) and 25, 50 and 100 μg/ml, p<0.001) were observed, as shown in Figure 3a and b, respectively. Alternatively, only 100 μg/ml of EMSA significantly reduced IFN-у levels (p<0.001) compared to the positive control (Figure 3c ).
MeTHANOlIC eXTRACT OF Sambucus australis Cham. & Schltdl INCReASeS Il-10 leVelS in vitro
We evaluated the effect of EMSA on regulatory cytokine Il-10. The data showed that stimulation with PWM led to increased production of IL-10 (p<0.001) compared to the negative control. Treatment with 100 μg/ml of EMSA significantly increased IL-10 production (p<0.01) compared to the positive control, but it was not significant for the other tested concentrations (12.5, 25 and 50 μg/ ml) (Figure 3d ).
eFFeCT OF eMSA ON THe STABIlITY OF eRYTHROCYTe MeMBRANeS
The membrane-stabilizing effect of S. australis Cham. & Schltdl was evaluated. The results showed a significant stabilizing activity of the standard drug, acetylsalicylic acid, compared to the control, by approximately 50%. Comparing the effect of different concentrations of EMSA, the stabilizing membrane potential was distinguished from the standard at all concentrations (12.5, 25, 50 and 100 μg/ml) tested, with estimated percentages of 38% (p<0.001), 42% (p<0.001), 16% (p<0.001) and 11% (p<0.001), respectively (Figure 4) . Concentrations of 100 μg/ml and 50 μg/ml had the strongest effect on stabilizing the membrane.
eFFeCT OF eMSA ON THe PRODUCTION OF NO Stimulation with LPS (5 μg/ml) significantly increased NO levels (p<0.001) compared to the negative control. Treatment with different concentrations of EMSA significantly decreased NO production in vitro (12.5, 25, 50 and 100 μg/ml, p<0.001) (Figure 5a ).
eFFeCT OF eMSA ON THe eXPReSSION OF THe TRANSCRIPTION FACTOR NF-KB NF-kB activation is involved in the development of inflammation; thus, the effect of EMSA on the expression of this factor was determined by RT-PCR. PWM stimulation in spleen cell culture increased the expression of the transcription factor NF-kB (p<0.001) compared to the negative control. Treatment with the highest concentration of eMSA significantly decreased the expression of NF-kB (100 μg/ml, p<0.01) compared to the positive control stimulated with PWM (Figure 5b ). At 100 μg/mL, EMSA was able to modulate the previously evaluated parameters. 
DISCUSSION
This study aimed to explore the anti-inflammatory potential of the standardized methanolic extract of S. australis, in vitro. eMSA was estimated to have around 4.47% of ursolic acid by using highperformance liquid chromatography. Previous reports have described that S. australis is rich in triterpenes such as ursolic acid (UA) (lamaison 1991 (lamaison , Alice 1990 ). Several biological activities were attributed to UA such as antitumor, antioxidant, antibacterial, hypoglycemic and anti-inflammatory activities by inhibiting the activation of NF-kB (Rao et al. 2011 , Alqahtani et al. 2013 , Kim and Moon 2015 , Chun et al. 2014 , Yoon et al. 2014 , Zhao et al. 2012 , Nascimento et al. 2014 . Here in, we have demonstrated the effect of S. australis Cham. & Schltdl on inflammatory cytokines and a regulatory cytokine in vitro, showing that EMSA can significantly reduce levels of Th2 cytokines, including Il-4, and Il-5, in a concentration-dependent manner (Figure 3a and b) and increase levels of the regulatory cytokine Il-10 ( Figure 3d ) at different concentrations. Thus, we hypothesize that S. australis Cham. & Schltdl plays a protective role in the inflammatory process because it can reduce inflammatory cytokines and modulate Il-10 production. In contrast, there was no reduction of IFN-y (Figure 3c) at any of the concentrations tested, unlike Il-4 and Il-5. In contrast to our results, other Sambucus species have been shown to participate in the suppression of inflammatory processes by increasing Il-10 Other inflammatory mediators are released during the early inflammatory process, such as NO, which is produced by activated macrophages that stimulate the production of the inflammatory cytokines previously described. This accounts for the high levels of radicals observed in inflammation. NO may also be released in acute inflammation sites and modular edema (Ialenti et al. 1992) . Therefore, we evaluated the modulatory effect of S. australis Cham. & Schltdl on the production of NO by a standard culture model of macrophages stimulated with lPS (Chandrasekaran et al. 2010) . Our results suggest that the S. australis Cham. & Schltdl-mediated decrease in NO production may be due at least in part to the reduced levels of inflammatory cytokines. These data support the antioxidant activity of S. australis, which has been described in other species of Sambucus (Kim and Moon 2015 , Nascimento et al. 2014 , Dawidowicz et al. 2006 .
The release of chemical mediators in injured tissues and migrating cells cause disturbances in the cell membrane, resulting in the activation of lysosomal enzymes with potent cytotoxic activity, which can destroy neighboring cells and are responsible for various symptoms and signs of inflammation. Anti-inflammatory nonsteroidal drugs can inhibit the disruption of the membrane, blocking the release of inflammatory mediators (Amann and Peskar 2002, Mounnissamy et al. 2007) .
Therefore, we used a membrane stabilization assay of erythrocytes to analyze the antiinflammatory activity of S. australis in vitro in this context, as the membrane of the erythrocytes is analogous to the lysosomal membrane, and anti-inflammatory drugs can act by stabilizing the lysosomal membrane (leelaprakash and Dass 2011 , Okoye and Osadebe 2010 , Yoganandam et al. 2010 . Different concentrations of EMSA (12.5, 25, 50, and 100 μg/ml) inhibited the disruption of erythrocyte membranes in a concentrationdependent manner when compared to a classical standard drug. This behavior demonstrates the potential capacity of S. australis in protecting the membrane of lysosomes and preventing the release of toxic enzymes during inflammation and activation of other mediators, further demonstrating a potential anti-inflammatory effect.
To confirm the possible mechanism whereby S. australis Cham. & Schltdl has anti-inflammatory activity, we analyzed its effect on the transcription factor NF-kB, which regulates the transcription of a number of proinflammatory factors, such as cytokines and inflammatory mediators (Fröde-Saleh and Calixto 2000) . Corticosteroids are NF-kB inhibitors because they bind to specific receptors for gCs, forming complexes that act as second messengers that regulate/activate the expression of genes involved in the immune response. These complexes have high binding affinity with DNA and enter the nucleus and bind to specific gene promoters, causing gene transcription. Thus, one of the pathways modulated by steroids is the activation of IκB transcription. IκBB maintains the inactive NF-kB in the cytoplasm by preventing the translocation of this factor to the nucleus (D'acquisto 2002, Barnes and Karin 1997) . Therefore, the inhibition of NF-kB can modulate inflammatory resolution by inhibiting the secretion of inflammatory cytokines and factors (VendraminiCosta and Carvalho 2012) .
In this context, eMSA statistically decreased NF-kB expression, explaining the reduction in levels of inflammatory cytokines and NO when different concentrations of EMSA in assays were tested. The eMSA mechanism of action on NFkB may be associated with the presence of UA in S. australis Cham. & Schltdl, confirming recent reports that showed UA, the major component in S. australis, possesses anti-inflammatory activity via the inactivation of NF-kB (Kim and Moon 2015 , Jiang 2015 . Still, further studies should be conducted to elucidate the mechanisms of the inhibition of this pathway by S. australis Cham. & Schltdl.
CONCLUSIONS
We suggest that S. australis Cham. & Schltdl has anti-inflammatory potential by inhibiting the activation of the transcription factor NF-kB and consequently by reducing levels of inflammatory cytokines and NO, which justifies its use in popular medicine for the treatment of inflammation. Further in vivo studies are needed to better characterize the underlying mechanisms of eMSA.
Velozo eS contributed to the production of the extract of the study. Silva TMS and Silva TMg contributed with technical chromatography and the standardization of S. australis extract. NevesAlcantara NM provided technical support for the development of this work and reviewed the manuscript. Figueiredo CA conceived the study design, supervised the experiments and revised the manuscript. All authors read and approved the final version of the manuscript.
